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A. OVERVIEW OF CONTRACT ACMIVITIES

During this three-year contract period Important administrative changes

have occurred. The most important modification is the change in contract

leadership. Dr. Arthur A. Oliner has resigned his position as Director of the

Microwave Research Institute, and also as Director of the Joint Services

Electronics Program at the Polytechnic. The new Director of both is Dr. Erich

E. Kunhardt. In this same period, Prof. Saul W. Rosenthal, who has been

Assistant Director, has been replaced by Dr. James T. LaTourrette, who is
now Associate Director.

The Joint Services Electronics Program at the Polytechnic has hitorically

formed the -core- or "base" of the programs within the Microwave Research

Institute, and Its Director was also the JSEP Lab Director most of the time.

Since it is appropriate that there be a strong connection between the two

responsibilities, Dr. Kunhardt Is now the Director of both entities. The second

modification involves the name of our JSEP Laboratory; it was changed from

the Microwave Research Institute to the Weber Research Institute.

The name of our JSEP Laboratory since the program began at the

Polytechnic about 30 years ago has been the Microwave Research Institute; that

name was most appropriate in those early days when the bulk of the program

related to electromagnetics and microwave engineering. As the scope of the

program expanded over the years, consideration was given to changing the

name but the original name was retained because it has gained worldwide

recognition. Now that the research institute has new leadership and the

program Is expanding in new directions, it has become timely to change the

name. The choice of the name, Weber Research Institute, is singularly

appropriate in view of Dr. E. Weber's fundamental roles as the founder of the

research institute and its director throughout its formative years.

Along with the change in the Director and the change in the name of our

research institute, there has been a shift in the r-lative support given to

different technical areas and the infusion of new persornel into the program.

In accordance with guidance from the TCC, we phased out the two

Information Electronics research units by ramping down their funding each year

in linear fashion. With the money saved by the ramping down process, we

supported and encouraged two new exploratory starts. It is important to note

that all three names involved in those new starts corresponded to new (and

younger) faculty members.

Our approach to the infusion of new and younger faculty members into the

program is based on the view that those faculty members who have been in the

program for some time should provide the guidance and extension of

competence necessary for the program to retain its present strengths and to

gain new ones which build on those. The older faculty members would later be
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phased out to enable the program to move more easily into new and more
exciting technical areas.

This approach was begun during the latter half of the present contract and is
being further implemented In the successor contract. During the second half of
the present contract, four new and younger faculty members were Introduced

into the program.

The three major technical areas of our program are designated as

Electromagnetics, Solid State, and Information Electronics. We are maintaining

our activities in electromagnetics, which has been a traditional strength at the

Polytechnic. We are also phasing out our projects in information electronics

and employing that funding to improve the portion of our program on solid
state, with stress on field-particle interactions.

Among the major accomplishments during this three-year contract period
we may cite the work on the optical bistability of microparticles, including the

first theoretical prediction of such bistability in Rayleigh-sized microparticles,
and the experimental demonstration of the effect on a single micron-sized

aerosol particle. This work may represent the first step In the utilization of a

microparticle as an optical memory element, which could become the smallest

and fastest such element conceived so far. This topic will be pursued further

on the successor contract, where difficult nonlinear calculations must be made.

Another study to be carried out on the successor contract, and involving

nonlinear effects, concerns some Interesting new beam-field interactions In

nonlinear thin films. This study is an outgrowth of accomplishments on our

present program, where a unified theory of electromagnetic beams incident on
thin-film layers has shown that a set of rather surprising non-specular effects

can occur, and that the scattered beams can undergo previously unexpected

lateral, focal and angular shifts when the incident beam Is phased-matched to a

leaky wave that can be supported by the layer configuration.

Another important accomplishment on the present program that relates to

leaky waves is the demonstration that such waves play an unexpectedly

important role in monolithic microwave integrated circuits (MMICs), in

millimeter-wave integrated circuits, and in Interconnects in very high-speed

computers. Leaky waves are the source of hitherto unexpected and poorly

understood cross-talk and power-coupling effects that can produce havoc in

systems based on these circuits. This study is not being continued on the

successor contract. Another study in electromagnetcs on the present contract

has resulted in a thorough understanding of the interrelations between rays and

modes, and waves and spectra, leading to a series of accomplishments that

range from improvements in GTD theory as applied to complex resonances in

target identification to a better analysis of "focus wave modes." The general

approach developed by this study will be applied in the successor contract to

wide-band Interactions in large aperture-coupled enclosures.
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Many other significant accomplishments were achieved in all three technical
&reas of the program, but only one other example will be given here. It is in
the area of laser-induced MOCVD, where IR is employed rather than UV. The
accomplishment is that success was obtained in producing coatings on a
substrate at lower temperatures and at distances of several centimeters from the
laser beam. The success followed a series of elaborate experiments that
improved fundamental understanding; the new step was to raise the gas
temperature substantially, producing unstable species of polysilanes that then
coated out at very low substrate temperatures. This work will not be continued
on the successor contract.
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B. LIST OF PRINCIPAL INVESTIGATORS

The principal investigators who have guided research projects under this
contract are*

S. Arnold
L.B. Felsen
H.J. Juretschke
E.E. Kunhardt
L. Kurz
K.M. Leung
A.A. Oliner
A. Papoulls
s.U. Pillal
B. Post
P.S. Riseborough
G. Schaefer
D.M. Schlelch
T. Tamir



C. DEGREES AWARDED

Advisor

S. Arnold L.M. Folan
E.K. Murphy

L.13. Felsen P. Einziger
E. Heymann
A.H. Kamnel
I-T. Lu
H. Shiral

H.J. Juretschke H.E. Gaballa.

L. Kurz E.S.H. Chang
A. Elrefale
A. Said

A.A. Oliner T.L. Dong
M. Guglielmi
K.S. Lee
J-S. Myung
A. Sanchez
M.J. Shiam

T. Taznir C.W. Hsue
F.Y. Ko u
V.S. Shah
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D. LIST OF PUBLICATONS (JSEP)

1. S. Arnold, "Spectroscopy of Single Levitated Micron Sized Particles,"
Advanced Series In Applied Physics 1, S. Ramaseshan, ed., World
Scientific 1988.

2. S. Arnold and L.M. Folan, "Spherical Void Electrodynamic Levitator,"
Rev. Sel. Instrum., 58(9), 1732-1735 (1987).

3. S. Arnold and L.M. Folan, "Fluorescence Spectrometer for a Single
Electrodynamically Levitated Microparticle," Rev. Sci. Instrum., 57(9),
2250-2253 (1986).

4. S. Arnold, E.K. Murphy and G. Sageev, "Aerosol Particle Molecular
Spectroscopy," Applied Optics, 24, 1048-1053 (1985).

5. S. Arnold and K.M. Leung, "Optical Bistability of an Aerosol Particle,"
Opt. Letts., 11, 800 (1986).

6. A.B. Pluchino and S. Arnold, "Comprehensive Model of the
Photophoretic Force on a Spheric Microparticle," Opt. Letts., 10, 261
(1985).

7. L.M. Folan, S. Arnold and S.D. Druger, "Enhanced Energy Transfer
within a Microparticle," Chem. Phys. Letts., 118, 322-327 (1985).

8. L.M. Folan and S. Arnold, "Determination of Molecular Orientation at
the Surface of an Aerosol Particle by Morphology-Dependent
Photoselection," Opt. Letts., 13, 1 (1988).

9. L.3. FcAsc.n, "Longitudinally Varying Ducts with Guiding to Antiguiding
Transitions," Rad. Sc., 22, 1204-1210 (1987).

10. L.B. Felsen, "Target Strength: Some Recent Theoretical Developments,"
IEEE J. of Oceanic Engineering, QE-12, 443 (19-37).

11. L.B. Felsen, "Adiabatic Spectra for Tapered Dielectric Waveguides," AEC
40, 259-262 (1986).

12. L.B. Felsen, "Novel Ways for Tracking Rays," J. Opt. Soc. Am. A, 2,
954-963 (1985).

13. L.B. Felsen, "Nbmerically Efficient Spectral Representations for Guided
Ocean Acoustics," Comps. and Maths. Appls. 11, 687-698 (1985).

14. J.M. Arnold and L.B. Felsen, Local Intrinsic Modes: Layer with
Nonplanar Interface," Wave Motion, 8, 1-14 (1980).

15. E. Heyman and L.B. Felsen, "Non-D ispersive Closed Form
Approximations for Transient Propagation and Scattering of Ray Fields,"
Wave Motion, 7, 335-358 (1985).
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16. T. Ishihara and L.B. Felsen, "Hybrid (ray)-(parabollc. equation) Analysis
of Propagation in Ocean Acoustic Guiding Environments," J. Acoust. Soc.
Am., 83, 950-960 (1988).

17. R. Mazar and L.B. Felsen, "Geometrical Theory of Diffraction for High-
Frequency Coherence Functions in a Weakly Random Medium," Opt.
Letts., 12, 140-148 (1987).

18. R. Mazar and L.B. Felsen, "High-Frequency Coherence Functions
Propagated Along Ray Paths in the Inhomogeneous Background of a
Weakly Random Medium: II - Higher Moments," J. Acoust. Soc. Am.,

82, 593-600 (1987).

19. R. Mazar and L.B. Felsen "Geometrical Theory of Diffraction for High-
Frequency Coherence Functions in a Weakly Random Medium with
Inhomogeneous Background Profile," AGARD Electromagnetic Wave
Propagation Panel Specialist Meeting, Conf. Proc. 410, Italy, May (1987)

20. H. Shiral and L.B. Felsen, "Rays, Modes and Beams for Plane Wave
Coupling into a Wide Open-Ended Parallel-Plane Waveguide," Wave
Motion, 9, 301-317 (1987).

21. H. Shiral and L.B. Felsen, "Rays and Modes for Plane Wave Coupling

into a Large Open-Ended Circular Waveguide," Wave Motion, ), 461-482
(1987).

22. H. Shirai and L.B. Felsen, "Spectral Method for Multiple Edge Diffraction
by a Flat Strip," Wave Motion, 8, 499-524 (1986).

23. H.J. Juretschke, "Thermal Phonons in the Modified Two-Beam
Description of Diffraction n~ar a Three-Beam Point," Acta Cryst., A44,
189-192 (1987).

24. H.J. Juretschke and F. Wasserstein-Robbins, "Laser-Induced Phonon-
Polariton Coupling with X Rays in the Symmetric Bragg Geometry," Phys.
Rev. B35, 4010-4017 (1987).

25. H.J. Juretschke, "Enhancements of Laser-Induced Phonon-Polariton
Coupling with X Rays in the Symmetric Laue Geometry," Phys. Rev.
B35, 4018-4025 .1987).

26. H.J. Juretschke, "Modified Two-Beam Description of X Ray Fields and
Intensities near a Three-Beam Diffraction Point. Second-Order Solution,"
Acta Cryst. A42, 449-456 (1986).

27. H.J. Juretschke and Z. Barnea, "On Determining the Sign of Structure
Factors of 'Forbidden' Reflections," Physica Scripta, 33, 167-168 (1986).

28. E. Chang and L. Kurz, "Object Detection and Experimental Designs,"
Computer Vision, Graphs, and Image Processing, 40, 147-168 (1987).
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29. E. Chang and L. Kurz, "Trajectory Detection and Experimental Designs,"
Computer Visions, Graphics, and Image Processing, 27, 346-368 (I984).

30. A. Said, A. Elrefaie and L. Kurz, -Equalization for QPSK Signals over
Noaliinear Channels," IEEE Globecom '87, 2153-2159 (1987).

31. E. Voudourl and L. Kurz, "A Class of Sequential Adaptive Detectors for
Underwater Non-Gaussian Noise Environments," IEEE Journal of Ocean
Engineering O-12, 38-46 (1987).

32. E. Voudouri and L. Kurz, "Sequential Partially Ordered Partition

Detectors," no more information available from reprint.

33. K.M. Leung, "Scattering of Transverse-Electric Electromagnetic Waves
with a Finite Nonlinear Film," J. Opt. Soc. Amer. B5, 571 (1988).

34. A.A. Oliner, "Leakage from Higher Modes on Microstrip Line with

Application to Antennas," Rad. Scd. 22, 907-912 (1987).

35. A.A. Oliner, "Leakage from Various Waveguides in Millimeter Wave
Circuits," Rad. Set. 22, 866-872 (1987).

36. A.A. Oliner and J-S. Myung, "A Novel Cavity Resonator Measurement
Mr thod for Leaky Waveguides," accepted for publication by IEEE Trans.

Microwave Theory Tech.

37. M. GC.glielmi and A.A. Oliner, "A Practical Theory for Dielectric Image
Guide Leaky-Wave Antennas Loaded by Periodic Metal Strips," Proc. of
European Microwave Conf., 549-554, Rome, Italy (1987).

38. M. Guglielmi and A.A. Ollner, "Multimode Network Description of a
Planar Periodic Metal-Strip Grating at a Dielectric Interface. Part I:
Rigorous Network Formulations," accepted for publication by IEEE Trans.

Microwave Theory Tech.

39. M. Guglielmi and A.A. Oliner, "Multimode Network Description of a
Planar Periodic Metal-Strip Grating at a Dielectric Interface. Part II:
Small-Aperture and Small-Obstacle Solutions," accepted for publication by

IEEE Trans. Microwave Theory Tech.

40. N. Rozario and A. Papoulis, "Spectral Estimation from Nonconsecutive
Data," IEEE Trahs. on Information Theory IT-33 (1987).

41. S. U. Pillal, "Coherent Signz! Classification using Symmetry
Considerations," IEEE Trans. on Acoustics, Speech, and Signal

Processing, to appear January 1989.

42. B.H. Kwon and S.U. Pillal, "Performance Analysis of Elgenvector-Based

High Resolution Estimators for Direction Finding in Correlated and
Coherent Sciences," 4th ASSP Workshop on Spectrum Estimation and
Modeling, U. of Minnesota, MN, (1988).
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44. T. Tamir and F.Y. Kou, "Varieties of Leaky Waves and Their Excitation
Along Multilayered Structures," IEEE J. Quant. Electron. QE-22, (1986).

45. T. Tamir and F.Y. Kou, "Classification of Leaky Waves Supported by
Multilayered Structures," URSI Int'l. Symp. on Electromagnetic Theory,
Part A, Budapest, Hungary (1986).

46. J.J. Burke, G.I. Stegeman and T. Tamir, "Surface-Polariton-Like Waves
Guided by Thin, Lossy Metal Films," Physical Review B33, 5186-5201
(1986).

47. C.W. Hsue and T. Tamir, "Lateral Beam Displacements in Transmitting
Layered Structures," Optics Communications 49, 383-7 (1984).

48. C.W. Hsue and T. Tamir, "Evolution of Transverse-Electric Surface and
Leaky Waves Guided by an Asymmetric Layer Configuration," J. Opt.
Soc. Amer. AL, 923-3 (1984).

49. C.W. Hsue and T. Tamir, "Lateral Displacement and Distortion of Beams

Incident Upon a Transmitting-Layer Configuration,- J. Opt. Soc. Amer.
A2, 978-87 (1985).

50. F.Y. Kou and T. Tamir, "Evolution of Transverse-Magnetic Surface and
Leaky Waves Guided by an Asymmetric Layer Configuration," J. Opt.
Soc. Amer. A3, 417-25 (1986).

51. F.Y. Kou and T. Tamir, "Varieties of Leaky Waves and Their Excitation

Along Multilayered Structures," IEEE JQE QE-22, 544-50 (1986).

52. F.Y. Kou and T. Tamir, "Range Extension of Surface Plasmons by

Dielectric Layers," Opt. Letts. 12, 367-9 (1987).

53. F.Y. Kou and T. Tamir, "Incidence Angles for Optimized ATR Excitation
of Surface Plasmons," Applied Optics, accepted for publication.

54. R. Simon and T. Tamir, "Nonspecular Phenomenon in Gaussian Shell-

Model Beams Reflected by Multilayered Structures," J. Opt. Soc. Amer.,
accepted for publication.


